Use of hop cones in growing beef cattle nutrition. The objective of this study was to determine the effect of the supplementation of bull diets with hop cones on growing bull performance, the concentrations of blood analytes, including liver enzymes. Twenty-four growing bulls of Slovene autochthonous Cika breed (body weight 373 kg; age 329 days) were randomly allocated to six pens (four animals per pen). Before the start of experiment all animals received the same basic TMR which was afterwards either not supplemented (control; two pens) or supplemented with 50 g per animal (H50; 6 g of hop DM/kg diet DM; two pens) or 100 g of hop cones per animal (H100; 11 g DM/kg diet DM; two pens) daily. Bulls were weighed at the start of the experiment and then again after 30 and 60 days of experiment and average daily gain (ADG), dry matter intake (DMI) and feed to gain ratio (F : G) were calculated. At each weighing day, the blood samples were taken from each bull and plasma glucose and serum non-esterifi ed fatty acids (NEFA), β-hydroxy butyrate (BHBA), urea, alanine aminotransferase (ALT), aspartate aminotransferase (AST) and γ-glutamyl transferase (GGT) were determined. The inclusion of hop cones in the diet did not have any effects on DMI, ADG or F : G and did not change BHBA, urea and GGT concentrations. Level of ALT was lower (P = 0.025) after 60 days of the experiment compared to control group. In treatments H50 and H100 blood glucose concentrations increased (P < 0.05) after 30 and 60 days of the experiment, while in treatment H100 NEFA concentration decreased (P = 0.022) after 60 days of the experiment. These fi ndings suggest that hop cones and their constituents provoke changes in energy metabolism in ruminants.
INTRODUCTION
Female inflorescences (cones) of hops (Humulus lupulus L.) have been used in beer manufacturing in many parts of the world from the Middle ages (Behre 1999) . Hop cones give to the beer not only the bitter flavour but also increase its resistance to microbial spoilage, as they possess antimicrobial properties against many species of bacteria (Sakamoto and Konings 2003, Siragusa et al. 2008) . Hop cones contain yellow lupulin glands that contain condensed tannins and secondary metabolites such as phenolic acids, flavonoid glycosides, resin and essential oil compounds that all contribute to their antimicrobial properties, the greatest attributed to heat labile α-acids and more stable β-acids in the resins (Siragusa et al. 2008 , Van Cleemput et al. 2009 ).
Besides their use in brewing, the use of hop cones increases in human and herbal medicine (Van Cleemput et al. 2009 ). Research on rats, mice and humans showed that hop cones and their constituents (e.g. xanthohumol, iso-α-acids, polyphenols) decrease plasma glucose, non-esterified fatty acid (NEFA), triacylglyceride and urea concentrations and prevent lipid accumulation in the body, causing the decrease in body weight (Nagasako-Akazome et al. 2007 , Obara et al. 2009 , Everard et al. 2012 , Sumiyoshi et al. 2013 . These positive properties of hop cones and its constituents together with world hop production, which exceeds its use in brewing and herbal medicine, give the possibility to their use also for other purposes, such as feed additive for farm animals. The information on the use of hop cones and their constituents as feed additives for ruminants is scarce. The results of in vitro experiments with hop cones and its constituents on in vitro rumen fermentation and degradability (Narvaez et al. 2011 , Narvaez et al. 2013 , Lavrenčič et al. 2013 , 2015 and on rumen microorganisms (Flythe 2009, Flythe and Aiken 2010) were very promising. Use of hop cones decreased in vitro dry matter and protein degradability and changed the short-chain fatty acid (SCFA) profile by increasing the proportion of propionic acid. However, these findings were not confirmed in performance trials on steers and finishing heifers (Uwituze et al. 2010 , Wang et al. 2010 , Axmann et al. 2015 , probably because the used amounts of hop cones were too small.
The objective of the present experiment was to assess the effect of hop cones (cv. Aurora) in quantities, which gave positive results in in vitro experiments, on animal performance, energy and protein status and enzymes, indicating tissue damage in growing bulls of Slovenian autochthonous Cika breed.
MATERIAL AND METHODS

Animals, diets and feeding
All procedures with animals were performed according to the legislation on animal experimentation in Slovenia at the time experiment was performed. Twenty-four growing bulls of Slovene autochthonous Cika breed (370.8 ±6.8 kg BW; age 329 ±9 days) were randomly allocated to six pens (four animals per pen). Total mixed ration (TMR) was calculated according to German metabolizable energy and crude protein requirements (DLG 1997) for maintenance and 1.200 g of average daily gain (ADG) on the basis of chemically analysed TMR ingredients. Before the start of experiment all animals received the same basic TMR which was afterwards either not supplemented (control) or supplemented with 50 g per animal (H50; 6 g of hop DM/kg diet DM; two pens) or 100 g of hop cones per animal (H100; 11 g DM/kg diet DM; two pens) daily (Table 1) .
Dry hop cones cv. Aurora (Humulus lupulus L.; 914 g DM/kg) contained (g/kg DM) 179 CP, 196 EE, 416 NDF, 76 ash and 24.0 cohumolon, 90.9 n + adhumulon, 24.1 colupulon, 24.5 n + adlupulon, 115.0 α-acids, 48.5 β-acids, 209.0 co-α-acids, 500.0 co-β-acids and 4.6 xanthohumol. The ratio between α-and β-acids was 2.37 : 1. Animals had ad libitum access to feed and water at all time. Diet was delivered once a day at 8:00. An ad libitum feed intake was assured by adjusting the amount of feed delivered to each experimental pen in order to obtain approximately a recovery of 3% feed refusals (as-fed basis) 24 h after delivery. Feed deliveries and refusals were recorded and sampled twice a week on a pen basis. Dry matter contents of delivered feed and feed refusal were used to calculate the dry matter of feed (DMI). Twice a month the samples of delivered feed were analysed to check the concentrations of nutrients offered to animals.
Bulls were weighed at the start of the experiment (SDay 0) and then again after 30 (SDay 30) and 60 days (SDay 60) of the experiment before the feeding. Average daily gain (ADG; g/day) and feed to gain ratio (F : G; kg DM intake/kg of BWG) were calculated in the periods between start of experiment and day 30, between day 30 and day 60 of the experiment and in the whole experiment period (from day 0 to day 60).
Blood analyses
At each weighing (at SDays 0, 30 and 60) the blood samples were taken immediately after feed delivery into four test tubes (BD vacutainers) from each bull by jugular vene-puncture. Two vacutainers were used to obtain blood plasma (containing Li-heparin), while other two were used to obtain blood serum. Serum was obtained by leaving the tubes containing blood undisturbed at room temperature Mineral-vitamin mix contained (per kg): Ca (180 g), P (30 g), Mg (40 g), Na (80 g), Zn (12 g), Mn (4 g), Cu (1 g), Se (30 mg), vitamin A (500,000 IU), vitamin D 3 (100,000 IU), Vitamin E (3,000 mg). * Non-fi bre carbohydrates calculated as 1,000 -(NDF + CP + EE + ash).
allowing them to clot. After 15 to 30 min the clots were removed by centrifugation for 10 min at 1,500 rpm in a refrigerated centrifuge (4°C). Plasma was obtained by centrifugation of the heparinized blood sample for 10 min at 1,500 rpm in a refrigerated centrifuge (4°C). The resulting supernatants (plasma and serum) were transferred into 1.0 mL polypropylene tubes and stored in a freezer at -20°C during the night. Next morning the samples of blood serum and plasma were transported in isolated box containing dry ice to Istituto Zooprofilattico Sperimentale delle Venezie (Udine, Italy) where the contents of glucose in plasma and non--esterified fatty acids (NEFA), β-hydroxy butyrate (BHBA), urea and enzymes alanine aminotransferaze (ALT), aspartate aminotransferase (AST) and γ-glutamyl transferase (GGT) in serum were determined according to the methods of Cozzi et al. (2011), Marchesini et al. (2013) and Brscic et al. (2015) .
Statistical analyses
The data were analyzed by using the MIXED procedure of the SAS/STAT software package ver. 9.4. The experimental units for data regarding body weight, daily gain and blood analytes were individual bulls, whereas for data regarding feed intake and feed conversion were individual pens and both were considered as a random effect. To establish if the animals were put in the groups randomly, we checked for all the traits the significance of the treatment at the beginning of the experiment (SDay 0). Body weight after 30 and 60 days of experiment and average daily gain in different periods were analyzed using a model with the fixed effect of treatment and body weight at SDay 0 as a covariate. For the feed consumption and feed to gain ratio only fixed effect of the treatment was included in the model. For the blood analytes, treatment was included as a fixed effect and the pretreatment values (at SDay 0) of corresponding blood analytes as a covariate in the analysis. Post hoc comparison of the least square means was performed using a Tukey multiple test correction.
Significance was declared at P ≤ 0.05 and tendency at 0.05 ≤ P ≤ 0.10.
RESULTS AND DISCUSSION
Body weight and concentrations of blood analytes did not differ among treatments at the beginning of the experiment (Table 2) , except serum urea, exhibiting the tendency of lower values in the control group. Serum urea concentrations were, on contrary to other blood analytes, which were within physiological ranges for particular animal age, weight and category (Jazbec 1990) , well below the normal range of 1.7 to 7.3 mmol/L (Jazbec 1990, Knowles et al. 2000) . Serum urea concentration depends on protein contents in the diet, on protein degradation in the rumen and on the supply of energy to rumen microbes. As the amount of protein in the present experiment was supplied according to DLG (1997) standards to obtain at least 1.200 g of ADG, the low urea contents could be the consequence mainly of its low rumen degradability, distinctive of maize grain, maize silage and Slovenian grass silages.
Body weight, ADG, DMI and F to G ratio of bulls after 30 and 60 days from the beginning of experiment are presented in Tables 3 and 4. Treatments: diets supplemented with hop cones (0 (control), 50 g/day (H50) or 100 (H100) g/day). In available literature in only a few papers the effects of ruminant diet supplementation with hop cones and their extracts on ruminant performance have been evaluated. Axmann et al. (2015) , who offered to heifers diets with hop cones to achieve 4.9, 7.7 and 15.8 mg of β-acids/kg diet DM and Uwituze et al. (2010), who supplemented the steer diets with hop cones to achieve 1, 8, 16, 24 and 30 mg of β-acids/kg diet DM, did not notice any effect on animal performance. Similar lack of effect on animal performance was found also by Wang et al. (2010) , who fed steers with growing diet containing 10, 20 and 40 mg of β-acids/kg diet DM and later with finishing diet containing 20, 40 and 80 mg of β-acids/kg diet DM. Although the concentrations of hop β-acids used in the present experiment were at least 3.6 times greater than in above mentioned experiments (Table 1) , they did not affect ADG, DMI and F to G ratio (Tables 3 and 4) .
These results were not expected as hop cone acids were reported to possess ionophore activity, similar to monensin (Behr and Vogel 2009, Axmann 2015) . Ionophores decrease the activity of Gram--positive bacteria, which produce acetate and butyrate and increase the activity of Gram-negative bacteria, which produce propionate (Russell 1996, Ipharraguerre and Clark 2003) . The results of Narvaez et al. (2011 and and Lavrenčič et al. (2015) are in partial accordance with these statements as supplementation of the diet with hop cones decreased the amounts of acetic and butyric acid produced in vitro but did not increase the amount of propionate produced in vitro. Thus, the acetic to propionic acid ratio was narrower due to lower acetic acid production and not because of greater propionic acid production, suggesting the inhibition of fibre-utilizing bacteria and unaltered fermentation of rapidly fermentable carbohydrates (Lavrenčič et al. 2015) .
Blood analytes glucose, NEFA and BHBA are frequently used to access the energy status of the ruminant animal. In comparison with the control, supplementation of diets with hop cones increased the glucose concentration in treatments H50 and H100 at SDay 30 (P = 0.028) and SDay 60 (P < 0.001). Glucose concentration in ruminants depends on gluconeogenesis and the main contributor to it is propionic acid, from which between 60 to 74% glucose is formed in the liver (De Koster and Opsomer 2013) . Supplementing the diet with hop cones did not increase propionic acid production in vitro (Lavrenčič et al. 2015) , suggesting that the increase of blood glucose concentrations might be a consequence of improved efficiency of hepatic glucose synthesis or decreased uptake of blood glucose by animal organs and tissues. However, increased blood glucose concentration might also promote the secretion of insulin, which reduce lipid mobilization, thereby decreasing the concentration of blood NEFA. NEFA has a high diagnostic value, as it is very sensitive to changes in energy balance (Cozzi et al. 2011) . In the present experiment supplementation of diet with 100 g of hop cones daily (H100) decreased NEFA concentration at SDay 60 (P = 0.022), indicating lower lipolysis in these animals (Table 5) . Shimura et al. (2005) also found that isohumulones, which are important constituents of hop cone bitter acids, decreased blood NEFA concentration in mice. The increase of blood glucose concentration could arise also from the digestion and metabolism of glucose precursors other than propionic acid. Lavrenčič et al. (2013) determined the lower in vitro dry matter degradability of diets supplemented with hop cones, while the whole tract DM digestibility did not differ between treatments. This suggests that glucose could derive from enhanced rumen by-passed starch digestion in small intestines, what would result in more efficient utilization of exogenous glucose in ruminants (Arieli et al. 2001 ). In addition, Flythe (2009) found that rumen hyper-ammonia producing bacteria are inhibited by hop cones and their acids. This effect was confirmed by Lavrenčič et al. (2013) who determined lower in vitro crude protein degradability of ruminant diets supplemented with hop cones, whereas total tract crude protein digestibility remained unchanged, suggesting that some amino acids (e.g. alanine) could contribute to gluconeogenesis in the liver.
Supplementation of ruminant diets with hop cones reduced in vitro production of butyrate (Lavrenčič et al. 2015) , suggesting that supplementation of diets with hop cones could affect butyrate conversion to BHBA by the rumen epithelium (Niwińska et al. 2017 ) and thereby decrease the entry of BHBA into systemic circulation. However, it seems that this conversion due to the diet supplementation with hop cones did not take place in present experiment as the BHBA concentration remained unchanged between control and animals supplemented with 50 or 100 g of hop cones daily (treatments H50 and H100, respectively). Serum urea concentration is one of the indicators of protein status in the animal. Serum urea concentration depends on the energy status, as its concentration in blood can increase when energy intake is restricted despite diet low crude protein contents. Low blood urea could be also a consequence of the more efficient conversion of nitrogen to amino acids, leading to the faster growth rate in young animals (Otto et al. 2000) . However, main reasons for low serum urea contents are the low quantity of consumed crude protein and its low degradability. The required levels of crude protein in diets for growing Cika bulls were calculated in accordance with DLG (1997) standards, where only the amount of protein in the diet is considered. However, considering INRA standards (Jarrige 1989) for growing bulls it became evident that the low serum urea determined in the present experiment could be a consequence of the inadequate amount of protein in the diet and that INRA recommendations seem to be more appropriate. Inconsistencies in serum urea levels were also found when monesin, which is chemically similar to the hop cone β-acids, was supplemented to cattle. In the experiment of Yang et al. (2010) monesin increased the urea serum concentration, while it had no effect in the experiment of Mwenya et al. (2005) .
High activities of liver enzymes AST, ALT and GGT are most often related to acute and chronic liver diseases and give the possibility to estimate the degree of cell damages (Jazbec 1990 (Jazbec , Đoković et al. 2010 ). Increased AST activity in the serum is a sensitive marker of liver damage, even if the damage is of a subclinical nature, while increased GGT activity is a sign of hepatobiliary system diseases. By determining their activities the probable negative effects of hop cones on soft tissues could be determined. Activities of all three enzymes were within physiological levels from 35 to 85 U/L for AST, up to 27 U/L for GGT and up to 50 U/L for ALT during the entire duration of the experiment (Jazbec 1990, Table 5 ). Supplementation of diets with hop cones (H50 and H100) did not change the serum activities of GGT, while AST levels tended to be lower after 30 (P = 0.065) and 60 days (P = 0.097) of the experiment (Table 5) . On contrary, ALT activity was lower (P = 0.025) only when bulls consumed hop cones for 60 days. Duff et al. (1994) and Demarco et al. (2014) observed that monensin, which is chemically similar to hop β-acids, did not affect AST and GGT activities in beef cattle. However, it could be possible that when the amounts of hop cones and/or their constituents are consumed in excess, they could have detrimental effects on performance and liver enzymes similar to that observed for monensin on feedlot cattle and dairy cows (Geor and Robinson 1985, Gonzales et al. 2005 ).
CONCLUSIONS
The inclusion of hop cones in a maize and grass silage-based diets for growing bulls at levels up to 11 g of hop cone DM/kg diet DM (534 mg of β-acids/kg diet DM) did not have any effect on feed utilization and performance of the animal. Supplementation of diets with hop cones increased plasma glucose and decreased serum NEFA concentrations indicating that the use of hop cones provoked the changes in energy metabolism in ruminants. Furthermore, the supplementation of bull diets with 50 g or 100 g of hop cones daily decreased blood concentration of ALT after 60 days of treatment. Further research is needed to determine if changes in blood analyte concentrations are a long-term effect of hop cone supplementation of beef cattle diets.
